12 United States Patent

Nakamura et al.

US008885264B2

US 8.885.,264 B2
Nov. 11, 2014

(10) Patent No.:
45) Date of Patent:

(54) ZOOM LENS AND IMAGE PICKUP
APPARATUS INCLUDING THE SAME

(71) Applicant: Canon Kabushiki Kaisha, Tokyo (IP)

(72) Inventors: Tomoyuki Nakamura, Utsunomiya
(JP); Shoichi Takemoto, Utsunomiya
(IP)

(73) Assignee: Canon Kabushiki Kaisha (JP)

( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 204 days.

(21)  Appl. No.: 13/656,965

(22) Filed:  Oet. 22,2012

(65) Prior Publication Data
US 2013/0113980 Al May 9, 2013

(30) Foreign Application Priority Data

Oct. 24, 2011 (IP) oooeeirieii e, 2011-232783

(51) Int.CL
GO2B 15/17
GO2B 15/14
GO2B 15/173

(52) U.S.CL
CPC oo GO2B 15/14 (2013.01); GO2B 15/173
(2013.01)
USPC oo 359/684; 359/676; 359/708

(58) Field of Classification Search
CpPC ... G02B 13/009; GO02B 15/00; GO2B 15/14;

G02B 15/15; GO2B 15/16; GO02B 15/173;
G02B 15/20

(2006.01
(2006.01
(2006.01

LS N —

USPC ......... 348/240.99-240.3, 335-369; 359/432,
359/676-6779, 683685, 708, 714, 746, 733,
359/766; 396/72—88

See application file for complete search history.
(56) References Cited

U.S. PATENT DOCUMENTS

Tsutsumi
Toyama ... 359/683

10/1996
5/2009

5,561,560 A
2009/0128923 Al*

FOREIGN PATENT DOCUMENTS

JP 7-248449 A 9/1995
JP 2009-128491 A 6/2006
JP 2009-128492 A 6/2009

* cited by examiner

Primary Examiner — Darryl J Collins
Assistant Examiner — Gary O’ Neill

(74) Attorney, Agent, or Firm — Rossi, Kimms & McDowell
LLP

(57) ABSTRACT

A zoom lens including, in order from object side to 1mage
side: a first positive lens unit which does not move for zoom-
ing; a second negative lens unit which moves during zoom-
ing; a third positive lens unit which moves during zooming; a
fourth lens unit which moves during zooming; and a fifth
positive lens unit which does not move for zooming. The
second unit passes through a point at which magnification of
the second unit becomes —1 during zooming from wide-angle
end to telephoto end, and -1<(334<-0.3, and 4.0<|lm2/
m31<135 are satisiied where [334 represents a magnification of
a combined unit including the third and fourth units at a zoom
position 1z at which the magnification of the second umit
becomes -1, and m2 and m3 respectively represent displace-
ments of the second and third units on optical axis at the zoom
position 1z with reference to the wide-angle end.
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Z.00M LENS AND IMAGE PICKUP
APPARATUS INCLUDING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a zoom lens and an 1image
pickup apparatus including the same, which are suitable for,
for example, a broadcasting television camera; a video cam-
era, a digital still camera, a surveillance camera, and a silver
halide film camera.

2. Description of the Related Art

In recent years, a zoom lens having a wider angle of view,
a high zoom ratio, and high optical performance 1s required
for an 1mage pickup apparatus such as a television camera, a
silver halide film camera, a digital camera, or a video camera.
As a zoom lens having a wider angle of view and a high zoom
ratio, a positive lead type five-unit zoom lens constituted of
five lens units including a positive lens unit disposed closest
to the object side 1s known.

As this positive lead type zoom lens, a five-unit zoom lens
in which three movable lens units including a second lens unit
having a negative refractive power, a third lens unit having a
positive refractive power, and a fourth lens unit having a
positive refractive power perform magnification-varying and
correction of 1mage plane variation due to the magnification-
varying 1s known (Japanese Patent Application Laid-open
Nos. H07-248449, 2009-128491, and 2009-128492).

Japanese Patent Application Laid-open No. HO7-248449
discloses a zoom lens having a zoom ratio of approximately
1’7 and a photographing ficld angle of approximately 70
degrees at a wide-angle end. Japanese Patent Application
Laid-Open Nos. 2009-128491 and 2009-128492 disclose a
zoom lens having a zoom ratio of approximately 54 and a
photographing field angle of approximately 60 degrees at the
wide-angle end.

In order to obtain high optical performance while main-
taining a wider angle of view and a higher zoom ratio 1n the
five-unit zoom lens, 1t 1s 1mportant to appropriately set a
refractive power arrangement, a configuration, and the like of
cach lens unit. In particular, 1t 1s important to appropriately set
movement conditions during zooming of the second, third,
and fourth lens units serving as magnification-varying lens
units, the refractive power of the first lens unit, and the like.
Other than that, 1t 1s important to appropriately seta combined
refractive power of the third and fourth lens units, moving loci
of the third and fourth lens units from the wide-angle end to an
intermediate zoom position, and the like. If these configura-
tions are not appropriately set, 1t becomes difficult to provide
a zoom lens having a wide angle of view, a high zoom ratio,
and high optical performance over an entire zoom range.

In the zoom lenses disclosed in Japanese Patent Applica-
tion Laid-open Nos. HO7-248449, 2009-128491, and 2009-
128492, the refractive powers and the moving loci of the
magnification-varying lens units are defined so that an 1mag-
ing magnification of a combined lens unit constituted of the
third and fourth lens units 1s always —1 when an 1imaging
magnification of the second lens unit 1s —1 at a predetermined
intermediate zoom position. In order to achieve such high
zoom ratio of the zoom lens, effective diameters of the third
and fourth lens units are apt to foe increased so that variations
of aberrations due to Booming are increased. The high zoom
rat1o means a zoom ratio of approximately 20 to 35 when the
angle of view 1s approximately 75 to 85 degrees at the wide-
angle end or a zoom ratio of approximately 80 to 130 when
the angle of view 1s 60 to 67 degrees at the wide-angle end. In
addition, there 1s a tendency that an increase in mass due to the
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2

increase in the effective diameter causes difficulty in securing
higher speed of zoom action and quick response to zoom
operation.

SUMMARY OF THE INVENTION

The present mnvention provides a zoom lens having a wide
angle of view, a high zoom ratio, high optical performance
over an entire zoom range, and good zoom action, and to
provide an 1mage pickup apparatus including the zoom lens.

According to an exemplary embodiment of the present
invention, there 1s provided a zoom lens 1ncluding, 1n order
from an object side to an 1mage side: a first lens unit having a
positive refractive power which does not move for zooming;
a second lens unit having a negative refractive power which
moves during Booming; a third lens unit having a positive
refractive power which moves during zooming; a fourth lens
unit which moves during zooming; and a fifth lens unit having
a positive refractive power which does not move for zooming,
in which the second lens unit passes through a point at which
an 1maging magnification of the second lens unit becomes -1
during zooming from a wide-angle end to a telephoto end, and
the following expressions are satisfied:

~1<P34<-0.3, and

4.0<m2/m31<18,

where 334 represents an 1maging magnification of a com-
bined lens unit including the third lens unit and the fourth lens
unit at a zoom position 1z where the 1imaging magnification of
the second lens unit becomes -1, and m2 and m3 respectively
represent displacements of the second lens unit and the third
lens unmit on an optical axis at the zoom position 1z with
reference to the wide-angle end.

According to the present invention, it 1s possible to provide
a zoom lens having a wide angle of view, a high zoom ratio,
and high optical performance over an entire zoom range, and
to provide an 1mage pickup apparatus including the zoom
lens.

Further features of the present mvention will become
apparent from the following description ol exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a lens cross-sectional view when focusing on an
infinite object at a wide-angle end according to numerical
Embodiment 1 of the present invention.

FIG. 2 A 1s an aberration graph when focusing on an infinite
object at the wide-angle end according to Numerical Embodi-
ment 1.

FIG. 2B 1s an aberration graph when focusing on an infinite
object at an intermediate zoom position according to Numeri-
cal Embodiment 1.

FIG. 2C 1s an aberration graph when focusing on an infinite
object 1n the vicinity of a zoom position 1z according to
Numerical Embodiment 1.

FIG. 2D 1s an aberration graph when focusing on an infinite
object at a telephoto end according to Numerical Embodi-
ment 1.

FIG. 3 1s a lens cross-sectional view when focusing on an
infinite object at a wide-angle end according to Numerical
Embodiment 2 of the present invention.

FIG. 4 A 1s an aberration graph when focusing on an infinite
object at the wide-angle end according to Numerical Embodi-
ment 2.
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FIG. 4B 1s an aberration graph when focusing on an infinite
object at the intermediate zoom position according to
Numerical Embodiment 2.

FI1G. 4C 1s an aberration graph when focusing on an infinite
object 1 the vicinity of the zoom position 1z according to
Numerical Embodiment 2.

FI1G. 4D 1s an aberration graph when focusing on an infinite
object at the telephoto end according to Numerical Embodi-
ment 2.

FIG. 35 15 a lens cross-sectional view when focusing on an
infinite object at the wide-angle end according to Numerical
Embodiment 3 of the present invention.

FIG. 6 A 1s an aberration graph when focusing on an infinite
object at the wide-angle end according to Numerical Embodi-
ment 3.

FIG. 6B 1s an aberration graph when focusing on an infinite
object at the intermediate zoom position according to
Numerical Embodiment 3.

FIG. 6C 1s an aberration graph when focusing on an infinite
object 1 the vicinity of the zoom position 1z according to
numerical Embodiment 3.

FIG. 6D 1s an aberration graph when focusing on an infinite
object at the telephoto end according to Numerical Embodi-
ment 3.

FIG. 7 1s a lens cross-sectional view when focusing on an
infinite object at the wide-angle end according to Numerical
Embodiment 4 of the present invention.

FIG. 8 A 1s an aberration graph when focusing on an infinite
object at the wide-angle end according to Numerical Embodi-
ment 4.

FIG. 8B 1s an aberration graph when focusing on an infinite
object at the intermediate zoom position according to numeri-
cal Embodiment 4.

FI1G. 8C 1s an aberration graph when focusing on an infinite
object 1n the vicinity of the zoom position 1z according to
Numerical Embodiment 4.

FIG. 8D 1s an aberration graph when focusing on an infinite
object at the telephoto end according to Numerical Embodi-
ment 4.

FIG. 9 1s a lens cross-sectional view when focusing on an
infinite object at the wide-angle end according to Numerical
Embodiment 5 of the present invention.

FIG. 10A 1s an aberration graph when focusing on an
infinite object at the wide-angle end according to Numerical
Embodiment 5.

FIG. 10B 1s an aberration graph when focusing on an
infinite object at the mtermediate zoom position according to
Numerical Embodiment 3.

FIG. 10C 1s an aberration graph when focusing on an
infinite object in the vicinity of the zoom position 1z accord-
ing to numerical Embodiment 5.

FIG. 10D 1s an aberration graph when focusing on an
infinite object at the telephoto end according to Numerical
Embodiment 3.

FIG. 11 1s a lens cross-sectional view when focusing on an
infinite object at the wide-angle end according to Numerical
Embodiment 6 of the present invention.

FIG. 12A 1s an aberration graph when focusing on an
infinite object at the wide-angle end according to Numerical
Embodiment 6.

FIG. 12B 1s an aberration graph when focusing on an
infinite object at the mtermediate zoom position according to
Numerical Embodiment 6.

FIG. 12C 1s an aberration graph when focusing on an
infinite object in the vicinity of the zoom position 1z accord-
ing to Numerical Embodiment 6.
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4

FIG. 12D 1s an aberration graph when focusing on an
infinite object at the telephoto end according to Numerical

Embodiment 6.

FIG. 13 1s a schematic diagram of a main part of an 1mage
pickup apparatus of the present invention.

FIG. 14 1s a schematic diagram of a paraxial refractive
power arrangement of zoom lenses according to Embodi-
ments 1 to 3, 5, and 6 of the present mnvention.

FIG. 15 1s a schematic diagram of a combined lens of U3
and U4 at the zoom position 1z.

FIG. 16 A 1s an optical path diagram at the wide-angle end.

FIG. 16B 1s an optical path diagram 1n the vicinity of the
Zoom position 1z.

FIG. 16C 1s an optical path diagram at the telephoto end.

FIG. 17 1s a schematic diagram of the paraxial refractive
power arrangement of a transier type zoom lens.

FIG. 18 1s a schematic diagram of the paraxial refractive
power arrangement of a four-unit zoom lens.

FIG. 19 15 a schematic diagram of the paraxial refractive
power arrangement ol a zoom lens according to Embodiment
4 of the present invention.

DESCRIPTION OF THE EMBODIMENTS

Herematter, an embodiment of the present invention 1s
described 1n detail with reference to the attached drawings.

A zoom lens of the present invention includes, 1n order
from an object side to an 1mage side, a first lens unit Ul
having a positive refractive power that does not move for
zooming, a second lens unit U2 having a negative refractive
power that moves during zooming, a third lens unit U3 having
a positive refractive power that moves during zooming, a
fourth lens unit U4 that moves during zooming, and a fifth
lens unit U5 having a positive refractive power that does not
move for zooming.

The expression that “a lens unit does not move for zoom-
ing”” means herein that the lens unit 1s not driven for a purpose
of zooming, but the lens unit may move for focusing it scorn-
ing and focusing are performed simultaneously.

FIG. 11s alens cross-sectional view of a zoom lens accord-
ing to Embodiment 1 (Numerical Embodiment 1) of the
present invention when focusing on an infinite object at a
wide-angle end (focal length 1=9.0 mm). FIGS. 2A, 2B, 2C,
and 2D are aberration graphs respectively at the wide-angle
end, at an intermediate zoom position (focal length 1=90
mm ), 1n the vicinity of a zoom position 1z (focal length =340
mm ), and at a telephoto end (=900 mm ) when focusing on an
infinite object according to Numerical Embodiment 1. Here,
the focal length 1s a value of this Numerical Embodiment
expressed 1n millimeters, and 1z represents a scorn position
when the second lens unit U2 has an imaging magnification
32 of —1. Here, the zoom position 1indicates a certain focal
length between the wide-angle end and telephoto end and the
zoom position 1z indicates the zoom position (zoom state) at
which the focal length 1s 1z. The same 1s true for the following
embodiments.

FIG. 3 1s a lens cross-sectional view of a zoom lens accord-
ing to Embodiment 2 (Numerical Embodiment 2) of the
present invention at a wide-angle end (focal length 1=9.2 mm)
when focusing on an infinite object. FIGS. 4A, 4B, 4C, and
4D are aberration graphs respectively at the wide-angle end,
at an intermediate zoom position (focal length =92 mm), 1n
the vicinity of a zoom position 1z (focal length =300 mm),
and at a telephoto end (1=920 mm) when focusing on an
infinite object according to Numerical Embodiment 2.

FIG. 5 1s a lens cross-sectional view of a zoom lens accord-
ing to Embodiment 3 (Numerical Embodiment 3) of the
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present invention at a wide-angle end (focal length =8.9 mm)
when focusing on an infinite object. FIGS. 6 A, 6B, 6C and 6D
are aberration graphs respectively at the wide-angle end, at an
intermediate zoom position (focal length 1=97.5 mm), in the
vicinity of a zoom position 1z (focal length =300 mm), and at
a telephoto end (1=1,068 mm) when focusing on an infinite
object according to Numerical Embodiment 3.

FI1G. 7 1s a lens cross-sectional view of a zoom lens accord-
ing to Embodiment 4 (Numerical Embodiment 4) of the
present invention at a wide-angle end (focal length 1=8.6 mm)
when focusing on an infinite object. FIGS. 8A, 8B, 8C, and
8D are aberration graphs respectively at the wide-angle end,
at an intermediate zoom position (focal length =86 mm), 1n
the vicinity of a zoom position 1z (focal length =245 mm),
and at a telephoto end (I=860 mm) when focusing on an
infinite object according to Numerical Embodiment 4.

FI1G. 9 1s a lens cross-sectional view of a zoom lens accord-
ing to Embodiment 5 (Numerical Embodiment 5) of the
present invention at a wide-angle end (focal length 1=6.75
mm ) when focusing on an infinite object. FIGS. 10A, 10B,
10C, and 10D are aberration graphs respectively at the wide-
angle end, at an intermediate room position (focal length
=34 .4 mm), in the vicinity of a zoom position 1z (focal length
=124 mm), and at a telephoto end (1=175.5 mm ) when focus-
ing on an infinite object according to Numerical Embodiment
3.

FIG. 11 1s a lens cross-sectional view ol a zoom lens
according to Embodiment 6 (Numerical Embodiment 6) of
the present invention at a wide-angle end (focal length 1=8.9
mm ) when focusing on an infinite object. FIGS. 12A, 12B,
12C, and 12D are aberration graphs respectively at the wide-
angle end, at an intermediate zoom position (focal length
=84 .4 mm), in the vicinity of a zoom position 1z (focal length
=280 mm), and at a telephoto end (1=801 mm) when focus-
ing on an 1nfinite object according to Numerical Embodiment
6.

FI1G. 13 1s a schematic diagram of a main part of an image
pickup apparatus of the present invention. FIG. 14 1s a sche-
matic diagram of a paraxial refractive power arrangement of
zoom lenses according to Embodiments 1 to 3, 5, and 6 of the
present invention. FIG. 15 1s a schematic diagram of a com-
bined lens of the third lens unit U3 and the fourth lens unit U4
at the zoom position {z. FIGS. 16A, 16B, and 16C are optical
path diagrams respectively at the wide-angle end, 1n the vicin-
ity of the zoom position 1z, and at the telephoto end. FIG. 17
1s a schematic diagram of the paraxial refractive power
arrangement of a transier type zoom lens. FIG. 18 1s a sche-
matic diagram of a paraxial refractive power arrangement of
a Tour-unit zoom lens that does not satisiy a transfer condi-
tion. FIG. 19 1s a schematic diagram of a paraxial refractive
power arrangement ol a zoom lens according to Embodiment
4 of the present invention.

In each lens cross-sectional view, the left side 1s a subject
(object) side (front), and the right side 1s the image side (rear).
In the lens cross-sectional view, a first lens unit (front lens
unit) Ul has a positive refractive power and does not move for
zooming. A focus lens unit U15b 1n the first lens unit U1 moves
toward the object side when focusing from an infinite object
to a close object. A fixed lens unit Ula or Ulc 1n the first lens
unit U1 does not move for focusing.

A second lens unit U2 having a negative refractive power
moves during zooming. A third lens unit U3 having a positive
refractive power moves during zooming. A fourth lens unit
U4 having a positive or negative refractive power moves
during zooming. A fifth lens unit (relay lens unit) US having
a positive refractive power for the image-forming does not
move for zooming.
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The zoom lens of each embodiment moves on an optical
ax1s while changing the intervals among the second lens unit
U2 to the fourth lens unit U4/and hence scorning and correc-
tion of 1mage plane variation due to the zooming are per-
formed.

These three lens units (the second lens umit U2 to the fourth
lens unit U4) constitute a zoom, system (magnification-vary-
ing unit). The zoom lens further includes a stop (aperture
stop) SP. P represents a color separation prism P, an optical
filter or the like and 1s 1llustrated as a glass block 1n the figures.
An 1mmage pickup surface I corresponds to an 1image pickup
surface of a solid-state image pickup element (photoelectric
transducer) for receiving light of an image formed by the
zoom lens and performing photoelectric conversion.

In the aberration graphs, a straight line and a two-dot
dashed line of the spherical aberration graph indicate aberra-
tions for an e-line and a g-line, respectively. A dotted line and
a solid line 1n the astigmatism graph indicate aberrations on a
meridional 1image plane and a sagittal image plane, respec-
tively, and a lateral chromatic aberration graph illustrates an
aberration on the g-line. A half angle of view 1s represented by
m, and an F-number 1s represented by Fno. Note that, 1n the
following Embodiments, a case where a magnification-vary-
ing lens unit 1s located at a shortest focal length side is
referred to as the wide-angle end, and a case where a magni-
fication-varying lens unit 1s located at a longest focal length
side 1s referred to as the telephoto end.

FIG. 14 1s a schematic diagram of a paraxial refractive
power arrangement of zoom lenses according to Embodi-
ments 1 to 3, 5, and 6 of the present invention, and illustrates
moving loc1 of the second to fourth lens units U2 to U4 during
zooming. In the diagram, the upper side 1s the wide-angle end
(WIDE), and the lower side 1s the telephoto end (TELE).
Solid lines from the upper side to the lower side indicate loci
of the lens units along which the lens units move during
zooming. In F1G. 14, the third lens unit U3 and the fourth lens
unit U4 move so that a space .34 therebetween becomes large
at the wide-angle end (WIDE), and becomes small 1n the
vicinity of the zoom position 1z where an 1maging magnifi-
cation of the second lens unit U2 becomes —1. In the diagram,
the zoom position 1z 1s indicated by a broken line.

FIG. 19 1s a schematic diagram of a paraxial refractive
power arrangement according to Embodiment 4 of the present
invention. In FIG. 19, the third lens unit U3 and the fourth lens
unit 134 move so that the space L34 therebetween becomes
small at the wide-angle end (WIDE), and becomes large 1n the
vicinity of the zoom position 1z where the 1imaging magnifi-
cation of the second lens unit U2 becomes -1.

FIGS. 16 A, 168, and 16C are optical path diagrams at the
wide-angle end to the telephoto end 1n the present invention.
FIG. 16A 1s the diagram at the wide-angle end, FIG. 16B 1s
the diagram in the vicinity of the zoom position 12, and FIG.
16C 1s the diagram at the telephoto end. Two rays including an
axial ray, and an off-axial ray corresponding to an outermost
periphery of a screen are illustrated. As 1llustrated in FIG.
16B, an axial marginal ray passes through the third and fourth
lens units U3 and U4 at highest positions 1n the vicinity of the
Zoom position 1z.

In other words, the lens diameters of the third and fourth
lens umits U3 and U4 are determined 1n the vicinity of the
zoom position 1z.

FIG. 15 1s a schematic diagram of a relationship between
the lens diameter of the third and fourth lens units U3 and U4
and the light ray at the zoom position 1z of the zoom lenses
according to Embodiments of the present invention. In FIG.
15, the left side 1s the object side, and the right side 1s an 1mage
surface side. An arrow 1n FIG. 15 indicates a combined lens
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unit U34 of the third and fourth lens units U3 and U4. In the
present invention, the lens diameter can be downsized by
positioning the combined lens unit U34 on a broken line (A')
rather than a solid line (A). In other words, 1n the condition of
maintaining positions of object point and 1mage point with
respect to an 1imaging relationship of (A), and maintaining an
image side F-number, the combined lens unit U34 1s posi-

tioned on the image side (the rnight side) so that the lens
diameter of the combined lens unit U34 1s reduced.

On the other hand, an 1maging magnification 3 can be
generally expressed by the following expression:

P=s¥s

(11),

where s represents a distance from the imaging point of the
second lens unit to the combined lens U34, and s' represents
a distance from the combined lens U34 to the image point of
the combined lens U34.

Here, because s has a negative value, {3 also has a negative
value.

In this case, imaging magnifications 31 and p2 of a solid
line arrow (A) and a broken line arrow (A'") are expressed by
the following expressions.

Pl=s5'1/s1 (11a)

B2=5"2/s2 (11b)

Therelore, a relative relationship illustrated 1n FIG. 15 1s
expressed as follows.

BLI>IR2 (11e)

In other words, when being positioned closer to the image
side (the rnight side) as the broken line arrow (A'), the lens
diameter of U34 1s reduced, but the absolute value of the
imaging magmfication f3 1s decreased.

In addition, FIG. 17 1llustrates a paraxial schematic dia-
gram of a four-unit zoom lens generally called a transfer type
zoom lens that 1s a zoom lens advantageous for achieving a
higher zoom ratio. The transier type zoom lens 1s constituted
of a first lens unit having a positive refractive power, a second
lens unit having a negative refractive power that moves during
zooming, a third lens unit having a positive refractive power
that moves during zooming, and a fourth lens unit having a
positive refractive power for imaging. In FIG. 17, the upper
side 1s the wide-angle end (WIDE), and the lower side 1s the
telephoto end (TELE) Solid lines from the upper side to the
lower side indicate loci of the second lens unit U2 and the
third lens unit U3 when the second lens unit U2 and the third
lens unit U3 move during zooming. The transfer type zoom
lens satisfies a condition that when the lateral magnification
32 of the second lens unit U2 1s -1, the lateral magnification
33 of the third lens unit U3 becomes —1. Thus, the third lens
unit U3 can continue to move 1n one way from the image side
(the right side) toward the object side (the left side) during
zooming. As a result, a variation of U3 during zooming can be
increased, which 1s advantageous for achieving a higher zoom
ratio.

Note that, FIG. 18 1llustrates a paraxial schematic diagram
of an ordinary four-umt zoom lens that does not satisfy this
condition. As 1illustrated in FIG. 18, 1in the four-unit zoom
lens, the third lens unit U3 that generally corrects the image
point can move along two moving loc1 of a dashed double-
dotted line and a broken line. The transfer type zoom lens
illustrated 1n FIG. 17 1s a special case of the zoom lens having
the moving loci of the lens units illustrated 1n FIG. 18. When
the above-mentioned condition 1s satisfied, the two moving,
loc1 intersect each other at one point so that 1t 1s possible to
transier from one of the two moving loci to the other moving,
locus at the intersection.
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In each embodiment, the second lens umit U2 passes
through a point at which the imaging magnification becomes

—1 during zooming. Then, the following conditions are satis-
fied:

~1<Pp34<-0.3 (1), and

4.0<|m2/m31<15 (2),

where 334 represents the imaging magnification of the com-
bined lens unit U34 constituted of the third lens unit U3 and
the fourth lens unit U4 when the zoom position where the
imaging magnification of the second lens unit U2 becomes -1
1s 1z, and m2 and m3 respectively represent displacements, of
the second lens unit U2 and the third lens unit U3 on an optical
axis at the zoom position 1z with reference to the wide-angle
end.

In the zoom lens of each embodiment, the refractive pow-
ers of individual lens units, the moving loci during zooming,
and the like are appropriately set. Here, the conditional
expression (1) defines the imaging magnification 334 of the
combined lens unit constituted of the third lens unit U3 and
the fourth lens unit U4 at the zoom position 1z where the
imaging magnification 32 of the second lens unit U2 becomes
—1. Thus, as understood from FIG. 15 and the expression (11),
the combined lens umt U34 can be positioned closer to the
image side (the right side). The combined lens unit U34 1s
positioned closer to the image side (the right side), and hence
it becomes easy to reduce the lens diameters of the third and
fourth lens units.

If the upper limit of the conditional expression (1) 1s not
satisfied, shares of zooming of the third and fourth lens units
are decreased so that 1t becomes difficult to achieve a higher
zoom ratio. If the lower limit of the conditional expression (1)
1s not satisfied, a difference with the above-mentioned trans-
fer type room lens 1s eliminated so that it becomes difficult to
reduce the lens diameters of the third and fourth lens units.

The conditional expression (2) defines a ratio of the dis-
placement between the second lens unit U2 and the third lens
unmit U3 at the zoom position 1z with reference to the wide-
angle end. As illustrated 1n F1G. 15, when the third and fourth
lens units U34 are positioned at the image side (the right side),
the lens diameter can be reduced. In this case, a displacement
m3 of the third lens unit U3 from the wide-angle end to the
zoom position 1z 1s reduced. Then, a variation of lateral mag-
nification of the third lens unit U3 from the wide-angle end to
the zoom position 1z 1s reduced, and hence 1t becomes diificult
to achieve a higher zoom ratio. Therefore, the zoom ratio of
the entire lens 1s maintained by increasing a displacement of
the second lens unit U2 instead. In other words, by increasing
a rat1o of the share of zooming of the second lens unit U2, 1t
becomes easy to reduce the lens diameters of the third and
fourth lens units without decreasing the zoom ratio.

If the upper limit of the conditional expression (2) 1s not
satisfied, a displacement of the third lens unit becomes so
small that 1t becomes difficult to achieve a higher zoom ratio.
If the lower limit of the conditional expression (2) 1s not
satisfied, the displacement of the third lens unit1s increased so
that 1t becomes difficult to reduce the lens diameter.

It 1s more preferred to set the value range of the conditional
expressions (1) and (2) as follows.

~0.96<P34<-0.5 (1a)

5.0<Im2/m31<13 (2a)

By satisitying the above-mentioned conditions, each of
Embodiments of the present invention provides a small and
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light zoom lens 1n which aberrations are appropriately cor-
rected over the entire zoom range.

In each embodiment, 1t 1s more preferred that the third lens
unit U3 or the fourth lens unit U4 pass through a point at
which the imaging magnification 1s —1 during zooming from
the wide-angle end to the telephoto end. Thus, a variation of
the lateral magnification of the third lens unit U3 or the fourth
lens unit U4 1s increased so that 1t becomes easy to achieve a
higher zoom ratio.

A combined focal length F of the two lens units can be
generally expressed by the following expression:

VF=1/fa+1/fo—el(fa*fb) (12),

where fa represents one of two focal lengths of the two lens
units, tb represents the other focal length, and e represents a
principal point interval between two lens units.

Theretfore, by increasing or decreasing the principal point
interval e between the two lens units, 1t 1s possible to arbi-
trarily change the focal length of the combined lens.

In each Embodiment, 1t 1s more preferred that the following,
condition be satisfied:

0.95<f34w/34z<1.50 (3),

where 134w represents a combined focal length of the third
lens unit U3 and the fourth lens unit U4 at the wide-angle end.,
and 134z represents a focal length of the combined lens unit
constituted of the third lens unit U3 and the fourth lens unit
U4 at the zoom position 1z.

The conditional expression (3) defines a ratio of the focal
length of the combined lens unit constituted of the third lens
unit U3 and the fourth lens umit U4 between the wide-angle
end and the zoom position 1z.

As the focal length at the zoom position 1z 1s set relatively
smaller, the above-mentioned 1maging magnification (334
becomes smaller, and 1t becomes easier to reduce lens diam-
eters of the third lens unit U3 and the fourth lens unit U4. If the
upper limit of the conditional expression (3) 1s not satisiied, a
lens space between the third lens unit U3 and the fourth lens
unit U4 at the wide-angle end or the zoom position 1z
becomes too large. Therefore, 1t becomes difficult to shorten
the entire lens length. If the lower limit of the conditional
expression (3) 1s not satisfied, the imaging magnification 34
1s not decreased. Therelore, 1t becomes difficult to reduce the
lens diameter.

It 1s more preferred to set the value range of the conditional
expression (3) as follows.

1.06</34w/34z<1.30 (3a)

In each Embodiment, 1t 1s more preferred to satisiy one or
more of the following conditions:

1.5<|fi/f11<5.0 (4),

3.0<[f1/21<15.0 (5), and

2.0<P2wi/B34wr<7.0 (6),

where 11 represents a focal length of the first lens unit Ul, 12
represents a focal length of the second lens unit U2, {t repre-
sents a focal length of the telephoto end, 2wt represents a
ratio of lateral magnification of the second lens unit U2
between the wide-angle end and the telephoto end, and 334
wt represents a ratio of combined lateral magnification of the
combined lens unit U34 constituted of the third lens unit U3
and the fourth lens unit U4 between the wide-angle end and
the telephoto end.

The conditional expression (4) defines a ratio between the
tocal length ft at the telephoto end and the focal length 11 of
the first lens unit Ul. I the upper limit of the conditional
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expression (4) 1s not satisfied, a magnification ratio of the first
lens unit U1 at the telephoto end becomes too large. There-
fore, 1t becomes ditficult to correct spherical aberration varia-
tion and axial chromatic aberration on the telephoto side. IT
the lower limit of the conditional expression (4) 1s not satis-
fied, focal lengths of the second to fourth lens units U2 to U4
are apt to be short. Therefore, 1t becomes diflicult to suppress
aberration variation due to zooming.

The conditional expression (5) defines a ratio between the
focal length 11 of the first lens unit U1 and the focal length 12
of the second lens umit U2. If the upper limit of the conditional
expression (S) 1s not satisfied, the focal length of the first lens
umt Ul becomes relative large. Therefore, 1t becomes diifi-
cult to achieve a wider angle of view because the lens diam-
cter of the first lens unit U1 1s increased. 11 the lower limit of
the conditional expression (5) 1s not satisiied, the focal length
of the first lens unit U1 becomes relatively short. Therefore, 1t
becomes difficult to correct the spherical aberration variation
and the axial chromatic aberration on the telephoto side.

The conditional expression (6) defines a ratio between the
ratio 32wt of the lateral magnification of the second lens unit
U2 between the wide-angle end and the telephoto end, and the
ratio p34 wt of the combined lateral magnification of the
combined lens unit U34 constituted of the third lens unit U
and the fourth lens unit U4 between the wide-angle end and
the telephoto end. The product of 2wt and 34wt indicates a
zoom ratio of the entire lens system, and hence 1t can also be
said that the conditional expression (6) defines share ratios of
the zoom ratio. If the upper limit of the conditional expression
(6) 1s not satisfied, a ratio that the combined lens U34 con-
tributes to the aberration correction on the telephoto side 1s
small. Theretfore, 1t becomes difficult to correct the axial
chromatic aberration on the telephoto side. If the lower limait
of the conditional expression (6) 1s not satisfied, a share of
zooming by the second lens unit U2 becomes small. There-
fore, 1t becomes difficult to reduce the entire lens length and
the lens diameters of the third lens U3 and the fourth lens U4.

In each Embodiment, 1t 1s preferred that the fourth lens unit
U4 have at least one surface constituted of an aspherical
surface. When the aspherical surface of the fourth lens unit
U4 1s applied to a surface having a positive refractive power,
it 1s preferred that the surface have such a shape that the
positive relfractive power 1s decreased toward a periphery
from an intersection of the optical axis and the aspherical
surface. When the aspherical surface of the fourth lens unit
U4 1s applied to a surface having a negative refractive power,
it 1s preferred that the surface have such a shape that the
negative refractive power 1s 1increased toward the periphery
from the intersection of the optical axis and the aspherical
surface, with this structure, 1t becomes easy to correct aber-
ration variation during zooming, namely spherical aberration,
field curvature, and coma on the wide-angle side 1n particular.
Thus, the structure 1s advantageous for achieving a wider
angle of view.

In each Embodiment, 1t 1s more preferred to satisiy one or
more of the following expressions:

0.1<|f3//41<1.0 (7),

1.5x102<|A10/fw|<2.0x107" (8),

5.0x10™*<|A9/fwl<1.0x107} (9), and

5.0x10°><|A7/fw|<3.0x1072 (10),

where 13 represents a focal length of the third lens unait, 14
represents a focal length of the fourth lens unit, A10, A9, and
A7 respectively represent aspheric amounts at 100%, 90%,
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and 70% of an elffective diameter of the a spherical surface of
the fourth lens unit, and fw represents a focal length at the
wide-angle end. Here, the aspheric amount 1s expressed as a
difference 1n the optical axis direction relative to the spherical
surface which has a curvature at a paraxial position and con-
tacts with the lens surface at the intersection of the optical axis
and the lens surface.

The conditional expression (7) defines a focal length ratio
between the third lens unit U3 and the fourth lens unit U4. If
the upper limit of the conditional expression (7) 1s not satis-
fied, the focal length of the third lens unit U3 becomes rela-
tively too long. Therefore, 1t becomes difficult to zoom elfec-
tively, and the entire lens length 1s increased. If the lower limit
ol the conditional expression (7) 1s not satisfied, a focal length
of the fourth lens unit U4 becomes relatively too long. There-
fore, 1t becomes difficult to reduce the lens diameter.

The conditional expressions (8) to (10) define aspheric
amounts at 100%, 90%, and 70% of the effective diameter of
the aspherical surface of the fourth lens unit U4, and indicates
a shape difference from a spherical surface defined as a
paraxial surface. When the aspherical surface of the fourth
lens umit U4 has a shape satisiying the conditional expres-
s1ons (8) to (10), a larger effect can be obtained.

It 1s more preferred to set the value ranges of the condi-
tional expressions (4) to (10) as follows.

3.0<|fi/f11<4.5 (4a)
9.3<|f1/21<13.0 (5a)
3.0<Pwt/P34wr<6.0 (6a)
0.2<IB3/f41<0.7 (7a)
2.0x102<|A10/fw|<3.5x1072 (8a)
1.0x1073<|A9/fiv|<2.5x 1072 (9a)

1.0x10~*<|A7/fwl<1.0x1072 (10a)

In each Embodiment, 1t 1s preferred that the fourth lens unait
U4 be constituted of at least one positive lens and at least one
negative lens. With this structure, 1t becomes easy to suppress
aberration variations during zooming, 1n particular, to correct
axial chromatic aberration and lateral chromatic aberration.

Next, features of a lens configuration of each Embodiment
are described.

In Embodiment 1, the first lens unit U1 corresponds to the
first lens surface to the tenth lens surface. The second lens unit
U2 corresponds to the eleventh lens surface to the seventeenth
lens surface. The third lens unit U3 corresponds to the eigh-
teenth lens surface to the twenty-fourth lens surface. The
fourth lens unit U4 corresponds to the twenty-fifth lens sur-
face to the twenty-seventh lens surface.

When the second lens unit U2 moves linearly toward the
image side during zooming from the wide-angle end to the
telephoto end, the third lens unit U3 and the fourth lens unait
134 move generally from the image side toward the object
side along a non-linear locus 1n the middle of zooming.

A third zoom position among the four zoom positions 1s the
vicinity of the zoom position 1z (1340 mm), and the imaging
magnification 32 of the second lens unit 1s —1.25 that 1s close
to —1. With this focal length, the lens diameters of the third
and fourth lens units U3 and U4 are determined.

The eleventh lens surface, the nineteenth lens surface, and
the twenty-seventh lens surface have an aspherical shape. The
cleventh lens surface corrects a distortion mainly on the wide-
angle side. The nineteenth lens surface and the twenty-sev-
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enth lens surface correct an off-axial aberration such as a
coma on the wide-angle side and a spherical aberration on the
telephoto side.

As shown 1n Table 1 below, Numerical Embodiment 1
satisfies all the conditional expressions (1) to (10). Embodi-
ment 1 achieves a wider angle of view having a higher zoom
ratio of 100 and a photographing field angle (field angle) of
62.9 degrees at the wide-angle end. Further, 1n the entire
zoom range, high optical performance 1s obtained 1n which
various aberrations are appropriately corrected.

In Embodiment 2, the first lens unit U1 corresponds to the
first lens surface to the tenth lens surface. The second lens unit
U2 corresponds to the eleventh lens surface to the seventeenth
lens surtace. The third lens unit U3 corresponds to the eigh-
teenth lens surface to the twenty-fourth lens surface. The
fourth lens unit U4 corresponds to the twenty-fifth lens sur-
face and the twenty-sixth lens surface.

When the second lens unit U2 moves linearly toward the
image side during zooming from the wide-angle end to the
telephoto end, the third lens unit U3 moves generally from the
image side toward the object side along a non-linear locus 1n
the middle of zooming. The fourth lens unit U4 moves once
toward the image side 1n the middle of zooming for correcting
aberration variation on the wide-angle side, and then moves
generally from the image side toward the object side along a
non-linear locus.

A third zoom position among the four zoom positions 1s the
vicinity of the zoom position 1z (=300 mm), and the 1maging
magnification B2 of the second lens unit 1s —1.12 that 1s close
to —1. With this focal length, the lens diameters of the third
and fourth lens units U3 and U4 are determined.

The eleventh lens surface, the nineteenth lens surtace, and
the twenty-sixth lens surface have an aspherical shape. The
cleventh lens surface corrects a distortion mainly on the wide-
angle side. The nineteenth lens surface and the twenty-sixth
lens surface correct an off-axial aberration such as a coma on
the wide-angle side and a spherical aberration on the tele-
photo side.

As shown 1n Table 1 below, Numerical Embodiment 2
satisfies all the conditional expressions (1) to (10). Embodi-
ment 2 achieves a wider angle of view having a higher zoom
ratio of 100 and a photographing field angle (field angle) of
61.7 degrees at the wide-angle end. Further, in the entire
zoom range, high optical performance i1s obtained in which
various aberrations are appropriately corrected.

In Embodiment 3, the first lens unit U1 corresponds to the
first lens surface to the tenth lens surface. The second lens unit
U2 corresponds to the eleventh lens surface to the seventeenth
lens surface. The third lens unit U3 corresponds to the eigh-
teenth lens surface to the twenty-fourth lens surface. The
fourth lens unit U4 corresponds to the twenty-fifth lens sur-
face to the twenty-eighth lens surface.

When the second lens unit U2 moves linearly toward the
image side during zooming from the wide-angle end to the
telephoto end, the third lens unit U3 moves generally from the
image side toward the object side along a non-linear locus 1n
the middle of zooming. The fourth lens unit U4 moves once
toward the 1mage side 1n the middle of zooming for correcting
aberration variation on the wide-angle side. The fourth lens
unmit U4 then moves generally from the image side toward the
object side along a non-linear locus and moves again toward
the 1mage side 1n the vicinity of the telephoto end.

A third zoom position among the four zoom positions 1s the
vicinity of the zoom position 1t (1300 mm), and the 1maging
magnification 62 of the second lens unit 1s —1.13 that 1s close
to —1. With this focal length, the lens diameters of the third
and fourth lens units U3 and U4 are determined.
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The eleventh lens surface, the nineteenth lens surface, and
the twenty-fifth lens surface have an aspherical shape. The
cleventh lens surface corrects a distortion mainly on the wide-
angle side. The nineteenth lens surface and the twenty-fiith
lens surface correct an oif-axial aberration such as a coma
aberration on the wide-angle side and a spherical aberration
on the telephoto side.

As shown 1n Table 1 below, Numerical Embodiment 3
satisfies all the conditional expressions (1) to (10). Embodi-
ment 3 achieves a wider angle of view having a higher zoom
ratio of 120 and a photographing field angle (field angle) of
63.4 degrees at the wide-angle end. Further, in the entire
zoom range, high optical performance i1s obtained in which
various aberrations are appropriately corrected.

In Embodiment 4, the first lens unit U1 corresponds to the
first lens surface to the tenth lens surface. The second lens unit
U2 corresponds to the eleventh lens surface to the seventeenth
lens surface. The third lens unit U3 corresponds to the eigh-
teenth lens surface to the twenty-sixth lens surface. The fourth
lens unit U4 corresponds to the twenty-seventh lens surface to
the twenty-ninth lens surface.

When the second lens unit U2 moves linearly toward the
image side during zooming from the wide-angle end to the
telephoto end, the third lens unit U3 moves generally from the
image side toward the object side along a non-linear locus 1n
the middle of zooming. The fourth lens unit U4 moves once to
the object side 1n the middle of zooming for correcting aber-
ration variation on the wide-angle side. The fourth lens unait
U4 then moves toward the image side along a non-linear locus
in the vicinity of the zoom position 1z and moves again toward
the object side 1n the vicinity of the telephoto end.

A third zoom position among the four zoom positions 1s the
vicinity of the zoom position 1z (=245 mm), and the imaging,
magnification 32 of the second lens unit1s —1.12 that 1s close
to —1. With this focal length, the lens diameters of the third
and fourth lens units U3 and U4 are determined.

The eleventh lens surface, the nineteenth lens surface, and
the twenty-sixth lens surface have an aspherical shape. The
cleventh lens surface corrects a distortion mainly on the wide-
angle side. The nineteenth lens surface and the twenty-sixth
lens surface correct an off-axial aberration such as a coma
aberration on the wide-angle side and a spherical aberration
on the telephoto side.

As shown 1n Table 1 below, Numerical Embodiment 4
satisiies all the conditional expressions (1) to (10). Embodi-
ment 4 achieves a wider angle of view having a higher zoom
ratio of 100 and a photographing field angle (ficld angle) of
65.2 degrees at the wide-angle end. Further, in the entire
zoom range, high optical performance 1s obtained 1n which
various aberrations are appropriately corrected.

In Embodiment 5, the first lens unit U1 corresponds to the
first lens surface to the nineteenth lens surface. The second
lens umit U2 corresponds to the twentieth lens surface to the
twenty-sixth lens surface. The third lens unit U3 corresponds
to the twenty-seventh lens surface to the thirty-third lens
surface. The fourth lens unit U4 corresponds and the thirty-
fourth lens surface to the thirty-fifth lens surface.

When the second lens unit U2 moves linearly toward the
image side during, zooming from the wide-angle end to the
telephoto end, the third lens unit U3 moves generally from the
image side toward the object side along a non-linear locus 1n
the middle of zooming. The fourth lens unit U4 moves gen-
crally from the image side toward the object side along a
non-linear locus and moves to the image side in the vicinity of
the telephoto end.

A third zoom position among the four zoom positions 1s the
vicinity of the zoom position 1z (=124 mm), and the imaging,
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magnification 2 of the second lens unit 1s —1.73 that 1s close
to —1. With this focal length, the lens diameters of the third
and fourth lens units U3 and U4 are determined.

The twentieth lens surface, the twenty-eighth lens surface,
and the thirty-fourth lens surface have an aspherical shape.
The twentieth lens surface corrects a distortion mainly on the
wide-angle side. The twenty-eighth lens surface and the
thirty-fourth lens surface correct an off-axial aberration such
as a coma aberration on the wide-angle side and a spherical
aberration on the telephoto side.

As shown 1n Table 1 below, Numerical Embodiment 5
satisfies all the conditional expressions (1) to (10). Embodi-
ment 5 achieves a wider angle of view having a higher zoom
ratio of 26 and a photographing field angle (field angle) of
78.3 degrees at the wide-angle end. Further, in the entire
zoom range, high optical performance 1s obtained in which
various aberrations are appropriately corrected.

In Embodiment 6, the first lens unit U1 corresponds to the
first lens surface to the twelfth lens surface. The second lens
unit U2 corresponds to the thirteenth lens surface to the nine-
teenth lens surface. The third lens unit U3 corresponds to the
twentieth lens surface to the twenty-third lens surface. The
fourth lens unit U4 corresponds to the twenty-fourth lens
surface to the thirtieth lens surface.

When the second lens unit U2 moves linearly toward the
image side during zooming from the wide-angle end to the
telephoto end, the third lens umit U3 moves once toward the
image side 1n the middle of zooming for correcting aberration
variation on the wide-angle side, and then moves toward the
object side along a non-linear locus. The fourth lens unit U4
moves generally from the image side toward the object side
along a non-linear locus 1n the middle of zooming.

A third zoom position among the four zoom positions 1s the
vicinity of the zoom position 1z (1=280 mm), and the imaging
magnification 32 of the second lens unit 1s —1.09 that 1s close
to —1. With this focal length, the lens diameters of the third
and fourth lens units U3 and U4 are determined.

As shown 1n Table 1 below, Numerical Embodiment 6
satisfies all the conditional expressions (1) to (6). Embodi-
ment 6 achieves a wider angle of view having a higher zoom
ratio of 90 and a photographing field angle (field angle) of
63.4 degrees at the wide-angle end. Further, in the entire
zoom range, high optical performance i1s obtained in which
various aberrations are appropriately corrected.

As described above, according to each Embodiment, the
refractive power arrangement of each lens unit, the moving
locus of the moving lens unit for varying magnification, and
the like are appropriately defined. Thus, it 1s possible to obtain
a zoom lens having a higher zoom ratio and a wider angle of
view, 1n which various aberrations are appropriately cor-
rected.

FIG. 13 1s a schematic diagram of a main part of an 1mage
pickup apparatus (1TV camera system) employing the zoom
lens of Embodiments 1 to 6 as an imaging optical system.
FIG. 13 illustrates a zoom lens 101 according to any one of
Embodiments 1 to 3 and acamera 124. The zoom lens 101 can
be mounted/removed onto/from the camera 124. The zoom
lens 101 1s mounted onto the camera 124 to form an 1image
pickup apparatus 125. The zoom lens 101 includes a first lens
unit F, a magnification-varying portion L.Z, and a fifth lens
unit R for image formation. The first lens unit F 1ncludes a
focus lens unit.

The magnification-varying portion L.Z includes a second
lens unit which moves on the optical axis for varying magni-
fication, a third lens unit which moves on the optical axis for
correcting an 1mage plane variation due to magnification-
varying, and the fifth lens unit R. An aperture stop 1s repre-
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sented by SP. The fifth, lens unit R includes lens units IE' and
IE that can be inserted/removed into/from an optical path.
Through exchange of the lens units IE and IE', a focal length
range of the entire system of the scorn lens 101 1s changed.
The zoom lens 101 also includes driving mechanisms 114 and
115, such as helicoids and cams, for driving 1n the optical axis
direction the first lens unit F and the zooming portion LZ,
respectively.

The 1image pickup apparatus 125 includes motors (driving
units) 116 to 118 for electrically driving the driving mecha-
nisms 114 and 115 and the aperture stop SP. The image pickup
apparatus 123 also includes detectors 119 to 121, such as an
encoder, a potentiometer, or a photo-sensor, which are con-
figured to detect the positions of the first lens unit F and the
zooming portion LZ on the optical axis, and the aperture
diameter of the aperture stop SP. In addition, the camera 124
includes a glass block 109, which corresponds to an optical
filter or a color separating optical system inside the camera
124. Further, the camera 124 includes a solid-state 1mage
pickup element (photoelectric transducer) 110, such as a
charge-coupled device (CCD) sensor or a complementary
metal-oxide semiconductor (CMOS) sensor. The solid-state
image pickup element 110 1s configured to recetve an object
image formed by the zoom lens 101.

Further, central processing umts (CPUs) 111 and 122 con-
trol various types of driving of the camera 124 and the zoom
lens 101, respectively. Through application of the zoom lens
according to the present invention to a TV camera as
described above, an 1mage pickup apparatus having high
optical performance 1s implemented.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

Now, numerical Embodiments 1 to 6, corresponding to
Embodiments 1 to 6 of the present invention, are described. In
cach of Numerical Embodiments, “1”” represents an order of a
surface from the object side, “r1” represents a curvature radius
of an 1-th surface from the object side, “d1” represents an
interval between the 1-th surface and the (1+1 )th surface from
the object side, and “nd1” and “vdi” respectively represent a
refractive imndex and an Abbe constant of the i1-th optical
member. An aspherical surface 1s represented by next to the
surface number. Three surfaces closest to the image side are a
glass block, such as a filter. Table 1 shows correspondences
between each Embodiment and the conditional expressions
described above.

The aspherical shape 1s expressed in the following condi-
tion:

H*/R 4 6 8 10 12
+ AAH" + AGH” + ASH® + A10H " + A12H

L+~ 1 = (1 + k) (HIR)

where an X axis corresponds to the optical axis, an H axis
corresponds to an axis perpendicular to the optical axis, a
traveling direction of light corresponds to a positive direction,
“H” represents a paraxial curvature radius, “K” represents a
conic constant, “A4”, “A6”, “AR”, “A10”, and “Al12” each
represent an aspherical coefficient, and “e-Z” means “x10™".

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
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the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-232783, filed Oct. 24, 2011, which 1s

hereby incorporated by reference herein in 1ts entirety.

Numerical Embodiment 1

Unit: mm

Surface data

Effective

Surface No. r d nd vd diameter

1 5434.024 6.00 1.83400  37.2 210.01

2 356.636 2.14 202.24

3 360.442 27.02 1.43387  95.1 201.95

4 —580.457 28.08 201.30

5 339.842 20.28 1.43387  95.1 204,28

6 -3786.156 0.25 203.80

7 253.961 20.83 1.43387  95.1 198.55

8 2001.569 1.20 197.27

9 216.571 12.49 1.49700  &1.5 186.08
10 372.539 (Variable) 184.00
11% -73071.610 2.20 2.00330  2R.3 46.74
12 56.188 .60 41.64
13 -63.326 1.40 1.83400  37.2 40.46
14 62.711 8.69 1.95906  17.5 39.57
15 —66.787 1.52 39.1%
16 -51.490 1.60 1.88300  40.8 38.36
17 226.2772  (Variable) 37.87
18 211.694 7.53 1.59522  67.7 65.86
19% —243.068 0.50 66.54
20 273.486 8.73 1.59522  67.7 67.64
21 —-147.447 0.20 67.80
22 778.098 2.50 1.84666  23.8 66.86
23 120.295 6.01 1.43875 949 65.94
24 1046.365 (Variable) 65.90
25 104.799 2.50 1.84666  23.8 65.87
26 76.714 11.02 1.59522  67.7 64.57
27 -169.484 (Variable) 64.36
28 (Stop) 0 2.37 29.37
29 —-89.031 2.00 1.81600  46.6 28.70
30 21.194 11.91 1.84666  23.8 27.51
31 -737.351 7.79 26.36
32 -31.368 2.00 1.88300  40.%8 24.44
33 32.366 .64 1.62041  60.3 26.00
34 -234.071 6.76 28.28
35 —-130.695 6.67 1.58913  61.1 32.06
36 —28.050 9.16 33.11
37 319.523 2.00 1.88300  40.8 32.00
38 26.268 8.59 1.51823  58.9 31.41
39 -45.531 2.03 31.56
40 126.095 8.61 1.48749  70.2 31.72
41 —-27.345 2.00 1.88300  40.%8 31.55
42 —189.854 0.20 33.06
43 218.321 9.40 1.53172  48.% 33.53
44 -30.454 10.00 34.23
45 0 33.00 1.60859 464 60.00
46 0 13.20 1.51633  64.2 60.00
47 0 15.08 60.00
Image plane 0

Aspherical surface data
Eleventh surface

K =1.69407e+006 A4 = Ab = AR =

7.95307e-007 =9.70819e-011
Nineteenth surtace

2.85357e-013

K=-1.45313e+001 A4 =

1.51572e-007

Ab =
2.29624e-011

AR =
-3.73351e-015
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-continued -continued
Twenty-seventh surface 26 45 0.00
K = 7.92880e+000 A4 = A6 = A8 = 27 46 0.00
4.02021e-007  2.13607e-011 1.56802e-014  °
Various data
Z.oom ratio 100.00
Focal length 9.00 90.00 340.00 900.00 Numerical Embodiment 2
F-number 1.80 1.80 1.80 4.50 10 Unit: mm
Half angle of 31.43 3.50 0.93 0.35 Surface data
View
Image height 5.50 5.50 5.50 5.50 Effective
Entire lens 649.62 649.62 649.62 649.62 Surface No. I d nd vd diameter
length
410 5 78 160.51 196.07 06.13 5 1 5635.882 6.00 1.83400  37.2 199.24
d17 263.53 90.38 48.02 2.12 2 353.577 2.16 192.06
474 37 64 13 R0 216 0 45 3 357.636 24.50 1.43387  95.1 191.58
d27 3.00 42.16 59.79 R9.26 4 —599.489 27.41 190.28
Entrance pupil 133.88  1069.84  3786.28  13226.53 > 327.800 1820 1.43387  95.1 188.22
hosition 6 ~3686.564 0.25 187.77
Exit pupil 162.00 162.00 162.00 162.00 oy ! 253.142 18.22 1.43387  95.1 183.58
hosition R 2007.948 1.20 182.40
Front principal 14343 1214.97  4913.10  19639.68 ) 210.029 1250 149700 815 17/3.10
noint position 10 361.355  (Variable) 170.49
Rear principal 6.08 ~74.92  -324.92 ~884.92 1175 2062.075 220 2.00330  28.3 49.4%
hoint position 12 59.879 R.87 44.29
13 ~70.845 1.40 1.83400  37.2 43.12
Imaging magnification of each lens unit 25 14 75.853 8.78 1.95906  17.5 42.08
15 ~68.537 1.63 41.66
31 0.00 0.00 0.00 0.00 16 ~53.210 1.60 1.88300  40.8 40.65
32 ~0.12 ~0.44 ~1.25 ~2.32 17 225.336  (Variable) 40.03
33 -0.61 -4.84 -69.67 6.50 18 144.669 9.06 1.59522  67.7 72.44
34 0.4% 0.16 0.01 —0.23 19 _377.267 0.50 79 95
35 0.98 0.98 0.98 098 30 9 146.629  12.13  1.59522  67.7 74.36
, 21 ~171.984 0.20 74.16
Zoom lens unit data 22 170.682 250  1.84666 23.8 71.19
23 69.148 13.56 1.43875  94.9 68.12
Front 24 _243.284  (Variable) 67.63
Lens principal
First Focal structure point Rear principal 35 23 182.392 5,'42 149700 81.5 04.48
Unit surface length length position  point position 26* —3965.680  (Variable) 63.49
27 (Stop) o 2.83 27.64
1 1 16R 44 118.08 6% .00 _19.95 28 —57.507 2.00 1.81600 46.6 26.87
p) 11 —24.98 24.01 661 ~9 0OR 29 26.65% 5.40 1.84666  23.8 26.19
3 18 115.10 25.47 3.39 ~13.00 30 -232.315 12.46 26.00
4 25 121.89 13.52 3.00 ~5.41 20 31 ~31.306 3.10 1.88300  40.8 22.62
5 28 39.60 146.32 54.10 14.31 32 61.401 5.00 23.91
33 ~562.689 R.09 1.58913  61.1 26.91
Single lens data 34 ~23.800 4.29 28.67
35 260.887 2.00 1.88300  40.8 28.37
Leading Focal 36 24.088 7.51 1.51823  58.9 27.96
Lens surface length a5 37 ~40.977  2.00 28.11
38 230.094 7.04 1.48749  70.2 28.33
; ; ‘;‘ig'gg 39 24.102 2.00  1.88300 40.8 28.31
; X 103 40 ~109.299 0.20 30.32
A . 663 41 239.781 7.61 1.53172  48.8 31.17
5 5 {010.88 42 ~27.214 10.00 31.69
. 1 5550 50 43 o 33.00 1.60859  46.4 60.00
7 13 _37135 44 o 13.20 1.51633  64.2 60.00
R 14 34.47 45 0 9.89 60.00
9 16 -47.10 Image plane <0
10 18 190.61
11 20 161.64 Aspherical surface data
12 22 ~166.71 55
13 23 308.40 Eleventh surface
14 25 ~349.12
15 26 R9.92 K =-1.55231e+004 A4 = A6 = AR =
16 29 ~20.70 R.79933e-007 —3.86133e-010  4.36989e—013
17 30 24.27 Nineteenth surface
18 32 ~17.67 60
19 33 46.23 K =-1.16078e+002 A4 = A6 = A8 =
20 35 58.96 1.69044e-007  7.45097e-011 ~1.00747e-014
21 37 -32.33 Twenty-sixth surface
22 38 33.38
23 A() 46.80 K = -3.57452e+002 A4 = A6 = AR =
24 41 ~36.18 65 ~8.80238e-009 6.35532e-011 ~2.44548e-014
25 43 50.69
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Various data

Z.oom ratio 100.00

US 8,885,264 B2

Focal length 9.20 92.00 300.00 920.00
F-number 1.80 1.80 1.80 5.00
Half angle of 30.87 3.42 1.05 0.34
VIEW
Image height 5.50 5.50 5.50 5.50
Entire lens 617.62 617.62 617.62 617.62
length
d10 2.74 152.49 187.66 200.52
d17 280.97 99.09 54.61 1.99
d24 15.00 19.77 1.84 30.24
d26 3.00 30.36 57.60 68.97
Entrance pupil 131.16 975.88 3036.42 13648.13
position
Exit pupil 193.85 193.85 193.85 193.85
position
Front principal 140.82 1113.89 3825.64 19169.03
point position
Rear principal 0.69 -82.11 -290.11 -910.11
point position
Imaging magnification of each lens unit
51 0.00 0.00 0.00 0.00
52 -0.13 -0.46 -1.12 -2.36
33 -0.29 -0.92 -1.37 -2.09
4 0.85 0.77 0.69 0.66
D35 1.07 1.07 1.07 1.07
Zoom lens unit data
Front
Lens principal
First Focal structure point Rear principal
Unit surface length length position  point position
1 1 264.54 110.43 64.24 -18.24
2 11 -27.26 24.48 6.99 -9.11
3 18 74.67 37.95 7.71 -17.81
4 25 349.98 542 0.16 -3.46
5 27 39.23 127.73 50.08 12.77
Single lens data
Leading Focal
Lens surface length
1 1 —-449.70
2 3 519.02
3 5 693.05
4 7 663.86
5 9 979.28
6 11 -60.99
7 13 -43.46
8 14 38.19
9 16 -48.34
10 18 176.21
11 20 134.42
12 22 -137.51
13 23 124.06
14 25 349.98
15 28 -21.97
16 29 28.24
17 31 -22.98
18 33 41.79
19 35 —-30.00
20 36 30.35
21 38 45.01
22 39 -35.20
23 41 46.20
24 43 0.00
25 44 0.00
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Numerical Embodiment 3

Unit: mm

Surface data

Effective

Surface No. r d nd vd diameter

1 6797.000 6.00 1.83400  37.2 201.25

2 340.555 2.17 194.29

3 344.606 27.03 1.43387 95.1 195.03

4 -526.417 25.45 195.61

5 317.115 18.91 1.43387 95.1 198.52

6 22370.550 0.25 198.01

7 252.030 19.58 1.43387 95.1 193.67

8 1642.450 1.20 192.44

9 210.802 14.00 1.49700  81.5 182.27
10 441.444  (Variable) 180.52
11% -7064.012 2.20 2.00330 283 46.42
12 53.987 8.06 41.27
13 ~77.058 1.40 1.83481  42.7 40.18
14 50.599 7.76 1.95906 17.5 38.94
15 -104.714 1.72 3R.52
16 -65.387 1.60 1.88300  40.8 37.93
17 176.819  (Variable) 37.36
18 211.530 8.67 1.61800  63.3 73.58
19% -207.030 0.50 74.11
20 182.486 9.64 1.59201 67.0 75.37
21 -204.977 0.20 75.26
22 183.204 2.50 1.80518 254 72.98
23 67.775 12.64 1.43875 94.9 69.96
24 0 (Variable) 69.53
25% 146.281 3.50 1.73800  32.3 68.24
26 90.207 0.18 66.36
27 RO.841 9.07 1.65160  58.5 66.36
28 -474.371  (Variable) 65.89
29 (Stop) 0 2.59 29.59
30 ~78.875 1.80 1.81600  46.6 2&.80
31 28.184 5.34 1.80R09 228 27.78
32 621.407 5.00 27.51
33 -30.072 4.00 1.81600  46.6 27.13
34 51.831 14.31 1.54814  45.8 30.19
35 -28.821 29.22 33.55
36 -340.356 13.14 1.48749  70.2 34.79
37 -39.135 0.20 35.33
38 -93.018 3.80 1.83400  37.2 34.07
39 47.442 7.03 1.48749  70.2 33.56
40 -54.654 4,37 33.70
41 -3347.516 9.43 1.51742 524 32.56
42 -31.015 1.54 1.88300  40.8 32.04
43 -79.335 0.94 32.68
44 68.150 5.02 1.51742 524 33.03
45 -82.110 15.00 32.88
46 0 33.00 1.60859 464 60.00
47 0 13.20 1.51633  64.2 60.00
48 0 10.00 60.00
Image plane 0

Aspherical surface data
Eleventh surface

K =-236774e+005 A4 = Ab = AR =

5.62251e-007
Nineteenth surtace

1.21054e-010

—1.11890e-013

K=-2.02204e+001

Ad =

~-4.61496e-008
Twenty-fifth surface

Ab =
4.15741e-011

AR =
-2.11496e-015

K =3.71110e+000

Ad =

—1.10320e-007

Ab =
-4.77366e-011

Various data
Z.oom ratio 120.00

Focal length 8.90
F-number 1.80
Half angle of 31.72
View

Image height 5.50

97.50
1.80
3.23

5.50

AR =
5.69740e-015

300.00
1.80
1.05

5.50

1068.00
5.50
0.30

5.50
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Numerical Embodiment 4
Entire lens 669.52 669.52 669.52 669.52 Unit: mm
Surface data
length
d10 2.77 157.24 184.04 197.68 5 E ffactive
d17 280.86 104.37 62.65 2.00 Surface No. - 4 d vd diarmeter
d24 19.22 5.43 2.03 38.20
d2g 3.50 39.30 57.63 68.47 1 14862.426 6.00 1.83400  37.2 200.64
Entrance pupil 129.67 1149.02  3153.69 17257.92 2 360.176 2.00 195.64
nosition 3 365401  23.00 1.43387  95.1 196.29
Exit pupil 133.28 133.28  133.28 133.28 10 4 —/28.207 - 23.80 196.79
sosition 5 375424  24.00 1.43387  95.1 201.35
Front principal 139.21 1323.64  4183.73 27578.10 g "g;i;g 12';8 23387 051 ?gigé
point position % 070213  1.52 193.41
Rear principal 1.10 —¥7.50 —290.00 —105R.00 9 181 117 15.40 1 49700 21 5 183.14
point position 15 10 321.998 (Variable) 180.68
11°% —7391.657 2.20 2.00330  28.3 46.02
Imaging magnification of each lens unit 12 40 210 10.00 397D
13 —44.101 1.45 1.81600  46.6 39.70
51 0.00 0.00 0.00 0.00 14 04.677 7.70 1.95906 17.5 41.03
32 ~0.12 ~0.50 ~1.13 ~3.10 15 _R5.559 200 4135
33 —0.40 ~1.47 _2.56 ~3.95 20 16 ~73.581 2.00 1.69680  55.5 40.90
34 0.67 0.47 0.37 0.32 17 ~167.025 (Variable) 41.20
35 1.08 1.08 1.08 1.08 1% 64.413 13.50 1.43875 94.9 72.95
19% ~307.443 0.10 72.87
Zoom lens unit data 20 91.735  11.00 1.49700  81.5 70.98
21 ~1379.780 0.10 69.56
Eront 25 22 300.742 2.00 1.84666  23.8 67.90
. . 23 906.025  10.95 1.43875  94.9 65.24
ens - prmcipal 24 207.750  0.50 64.17
First Focal structure point Rear principal B ' ' '
. - | . 25 199.118 548 1.49700  81.5 60.24
Unit surface length length position  point position 5 6% -2160.563 (Variable) 57 79
27 340.647 1.40 1.77250  49.6 41.24
1 ! 255.48 11458 6547 —19.09° 30 »g 75.066  4.00 1.80809  22.8 39.74
p) 11 _24.37 22.73 6.48 ~R.41 79 103.655 (Variable) 18 30
3 18 01.75 34.16 4.55 ~17.75 30 (Stop) o 5.00 56.44
4 25 182.76 12.75 1.83 -5.91 31 —94.008 1.40 1.88300  40.8 24.41
5 29 37.03 168.94 53.49 12.97 32 61.994 4.67 1.80809  22.8 24.00
14 33 ~106.735 2.00 23.68
Single lens data 34 —89.203 1.40 1.88300  40.8 22.93
35 489.134 R.95 22.74
T aadin 36 ~253.259 1.50 1.72916  54.7 21.78
5 37 21.603 4.77 1.80518  25.4 21.65
l.ens surface Focal length 3% 68 704 471 51 44
40 39 ~32.718 1.80 1.72000  43.7 21.62
1 1 —427.33 40 34.031 7.71 1.58267  46.4 23.68
2 3 483.37 41 ~50.695 7.00 25.52
3 5 739.36 42 64.533 6.33 1.51823  58.9 30.03
4 7 681.55 43 -44.497 0.22 30.24
5 9 793 49 44 105.071 1.50 1.83400  37.2 29.86
5 (1 5705 45 45 28.056 7.23 1.51633  64.1 29.20
; 5 160 46 ~233.823 0.71 29.41
; o 47 2330.568 7.29 1.48749  70.2 29.48
S 14 3999 43 -28.393 150 1.85026 323 29.57
9 16 —-53.58 49 —65.537 0.20 30.57
10 18 170.01 50 76.994 6.04 1.48749  70.2 R0.84
11 20 164.01 50 51 —59.836 R.00 30.63
17 79 _133.67 52 o 33.00 1.60859  46.4 50.00
13 53 154 0% 53 o 13.20 1.51633  64.2 50.00
4 55 19590 f4 1 o 10.00 50.00
15 27 116.19 Hage plane *
16 30 2213 55 Aspherical surface data
17 31 36.02
13 33 —-22.70 Eleventh surface
19 34 35.88
20 36 80.12 K = 7.23170e+004 Ad = A6 = AR =
1 38 _36.0% 6.36458e—007 2.27879e-010 —1.52413e-012
29 16 5312 60 A10=2.97068e-015 Al2=
i A1 017 _2.21757e-018
-4 4 s 8: » Nineteenth surface
23 44 72.48 K = 0.00000e+000 Ad = A6 = AR =
20 46 0.00 4.65119e-007 —1.77056e—=010 1.06615e-013
27 47 0.00 65 A10=-2.72972e-017 Al2=

2.29044e-021
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23 24
-continued -continued
Twenty-sixth surface 24 472 51.64
25 44 -46.01
K = 0.00000e+000 A4 = A6 = A8 = < 26 45 48 80
1.26646e-006  7.92006e-010  —4.52799¢-013 57 A7 57 40
Al0 = 3.38746e-016 Al2 = 0% 4% ~59 60
6.19534e-020 9 50 60 R5
Various data g? g; 888
Z.oom ratio 100.00 '
10
Focal length 8.60 86.00 245.00 860.00
F-number 1.85 1.85 1.85 4.40
Half angle of 32.60 3.66 1.29 0.37
ViEW Numerical Embodiment 5
Image height 5.50 5.50 5.50 5.50 Unit: mm
Entire lens 630.6% 630.68% 630.6% 630.68 15 Surface data
length
dl10 1.80 152.24 176.62 1R7.80 Eftective
dl’7/ 284.16 112.21 69.09 8.41 Surface No. r d nd vd diameter
d26 5.00 22.52 24.27 35.95
d29 5.60 0 58 26.58% 64.40 1 471.855 5.35 1.77250 49.6 173.24
Entrance pupil 125.65 1086.66 2689 .37 138R0.02 20 2 99.620 47.64 144.21
position 3 —-183.975 4.40 1.69680  55.5 143.38
Exit pupil 120.51 120.51 120.51 120.51 4 730.786 0.11 146.46
position 5 245.637 11.66 1.80518 254 149.55
Front principal 134.92 1239.58% 3477.52 21432.44 0 1289.58% 0.40 149.36
point position 7 36367.010 20.44 1.43387 05.1 149.10
Rear principal 1.40 -76.00  =235.00 -850.00 8 —-168.462 0.10 148.97
point position 25 9 ~1829.623 4.20 1.72047  34.7 140.19
10 250.407 16.27 1.49700 R1.5 136.09
Imaging magnification of each lens unit 11 —-535.747 28.96 135.50
12 631.7%82 20.62 1.43387 05.1 140.94
31 0.00 0.00 0.00 0.00 13 -200.586 1.60 141.76
32 -0.13 -0.55 -1.12 212 14 170.462 4.30 1.75520 27.5 141.53
33 ~0.23 —0.54 ~0.72 ~1.17 30 15 114.039 0.92 136.95
34 1.30 1.32 1.41 1.60 16 117.705 28.28% 1.49700 1.5 136.9%
35 O.R7 0.7 O.R7 0O R7 17 —1555.593 0.33 136.08
1R 163.101 13.67 1.62041 60.3 130.97
Zoom lens unit data 19 748.250  (Variable) 129.51
20% 285.940 2.50 1.77250 49.6 56.88
Front 35 21 53.705 2.79 50.12
L.ens principal 22 52.131 10.85 1.80809 22.8 48.03
First Focal structure point Rear principal 23 -99.672 1.50 1.75500  52.3 45.87
Unit surface length length position  point position 24 38.854 8.99 37.00
25 -47.801 1.50 1.8R8300 408 36.33
1 1 250.00 114.12 63.45 ~20.00 26 -501.946  (Variable) 38.23
2 11 ~-26.50 25.35 3.20 ~15.51 40 27 R7.595 7.24 1.59282 6R.6 45.05
3 1R 63.00 43.63 10.33 -21.3% 28% -137.922 0.10 45.20
4 27 ~200.00 5.40 462 1.60 29 00.273 7.81 1.43R75 04 9 44 K&
5 30 35.36 130.63 46.04 5.43 30 -97.250 0.50 44,39
31 -86.513 1.90 1.84666 23.8 44.29
Single lens data 32 —-2465.404 4.84 1.43875 949 44,19
33 290.032  (Variable) 44.12
Leading Focal 45 34 285.457 5.35 1.59282 6&.6 39.33
[.ens surface length 35 -101.752  (Variable) 3R.74
36 (Stop) o 2.67 26.48
1 1 ~_4309 R7 37 -64.259 1.50 1.696R80 55.5 25.68%
p) 3 567 OR 38 21.051 5.23 1.80809 22.8 24.63
3 5 5R0.17 39 44,899 5.79 23.96
4 7 721.52 50 40 -64.846 1.50 1.77250 49.6 24.04
5 0 R01.35 41 31.286 11.44 1.60342 3R8.0 24.97
6 11 ~30.57 42 -2R8.116 0.20 26.61
7 13 ~-36.51 43 -30.113 1.60 1.81600 46.6 26.53
8 14 47.24 44 712.890 14.06 1.59551 39.2 28.63
9 16 ~1R89.61 45 -46.529 5.45 33.02
10 18 199 43 55 46 7364.164 574  1.53172  48.8 35.43
1 20 173,00 47 _69.758 0.20 36.04
1 29 16573 43 252.725 2.00  1.88300 40.8 36.03
13 773 150.96 ;li ;2;;2 3;? 1.49700 R1.5 g;gﬁ;
;1 ;2 _igjgg 51 RO.526 7.70 1.49700 1.5 36.55
: 5 >8] 11363 60 52 -55.768 2.00 1.76182 26.5 3R.28
K ' 53 -451.745 0.20 36.39
L7 31 —41.83 54 103.791 7.86 148749  70.2 36.34
18 32 48.64 55 _49.821  13.04 35.97
19 34 —84.85 56 % 33.00 1.60859  46.4 60.00
20 36 -27.12 57 o 13.20 1.51633  64.2 60.00
21 37 37.09 58 0 11.76 60.00
22 39 —22.78%8 65 Image plane 0
23 40 3598
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25 26
-continued -continued
Aspherical surface data 16 79 107.81
. 17 31 ~104.90
Twentieth surface
5 18 32 212.31
K = —-1.14700e+002 A4 = A6 = A8 = 19 34 126.75
7.66246e-007 -=2.51953e-010  -4.59574e-015 20 37 ~77.50
Twenty-eighth surface 51 3% 4419
K = —2.23854¢+000 A4 = A6 = A8 = 22 40 ~27.00
6.41527e-007 -7.95589e-011  1.18571e-014 10 23 41 26.30
Thirty-fourth surface 24 43 _75 R0
25 44 49.59
K =-2.52612e+001 A4 = A6 = AR =
~6.58605e-007 -4.00191e-010  2.40984e—013 26 46 129.37
27 48 ~52.49
Various data 15 28 49 55.64
Z.oom ratio 26.00 79 51 7018
Focal length 6.75 34.40 124.00 175.50 30 52 —82.96
F-number 1.65 1.65 1.65 2.30 31 54 69.99
Half angle of 39.17 9.08 2.54 1.79 37 56 0.00
VICW
Image height 5.50 5.50 5.50 5.50 20 33 > 0-00
Entire lens 589.68 589.68 589.68 589.68
length
d19 2.03 79.49 109.66 114.14
d26 156.65 66.80 17.86 1.25
d33 1.23 0.50 16.34 33.63 Numerical Embodiment 6
d353 2.00 15.12 18.06 12.88 23 Unit: mm
Entrance pupil 105.97 226.21 555.78 823.73 Surface data
position
Exit pupil 147.91 147.91 147.91 147.91 Effective
position Surface No. r d nd vd diameter
Front principal 113.05 269.30 792.71 1225.45
point position 30 1 -3840.481 6.00 1.83400  37.2 214.23
Rear principal 5.01 -22.64 -112.24 -163.74 2 403.672 9.90 207.67
point position 3 415.242 19.09 1.43387  95.1 206.46
4 ~1953.416 0.25 205.64
Imaging magnification of each lens unit 5 1333.417 17.20 1.43387  95.1 203.10
6 ~532.556 23.59 202.31
31 0.00 0.00 0.00 0.00 35 7 336.794 17.32 1.43387  95.1 189.76
i ~0.24 ~0.63 _1.73 _2.33 ] ~7293.946 0.25 188.14
0y _0.48 ~1.12 ~1.55 ~1.50 9 321.377 13.62 1.43387  95.1 179.39
i\ 061 0.50 0.48 0.57 10 1876.335 1.20 178.28
% 0.93 0.93 0.93 0.93 11 168.023 13.66 1.43875  94.9 167.50
12 308.623  (Variable) 165.69
Zoom lens unit data a0 13 352.111 2.00 1.88300  40.8 44.88
14 39.732 R.41 39.03
Front 15 ~83.784 1.90 1.81600  46.6 38.23
Lens principal 16 470.490 4.68 37.54
First Focal structure point Rear principal 17 —87.160 1.90 1.88300  40.3 37.04
Unit surface length length position  point position 13 61.850 6.12 1.95906  17.5 37.67
19 ~273.326  (Variable) 37.82
1 1 103.59 21524 176.40 68690 45 20 ~537.165 11.28 1.49700  81.5 68.71
2 20 ~29.96 28.13 15.33 ~4.68 21 -74.300 2.08 70.21
3 27 65.68 22 39 3.86 _11.55 22 ~64.637 4.00 1.77250  49.6 70.27
4 34 126.75 5.35 2.49 ~0.89 23 -79.529  (Variable) 73.51
5 36 33.63 144.90 A4 4D 9 45 24 118.208 12.96 1.59522  67.7 78.60
25 -300.411 0.30 78.27
Single lens data 50 26 97.316 2.50 1.80518 254 75.09
27 54.065 14.26 1.43875  94.9 70.72
Leading Focal 28 250.000 1.38 69.77
Iens sutface length 29 140.179 6.88 1.59522  67.7 68.93
30 0 (Variable) 68.02
1 1 -163.72 31 (Stop) e 3.97 36.56
5 3 Z900 61 55 32 ~173.665 1.80 1.81600  46.6 34.78
3 5 371 53 33 48.520 6.63 1.80809  22.% 33.58
4 7 385 50 34 422.190 15.13 32.75
: 9 6 Toosl 1565 184814 458 323
? :“g gg;;; 37 ~29.911 27.65 35.91
. 14 [y o 38 ~90.581 7.39 1.48749  70.2 33.56
- ' 39 ~50.701 6.07 34.01
7 16 220.77 40 208.408 4.00 37.2 31.67
10 18 331.87 41 30.986 6.02 1.48749  70.2 30.19
11 20 —85.59 42 ~192.836 0.67 30.20
12 22 43.32 43 462.304 6.74 1.51742  52.4 30.10
13 23 -36.69 44 ~25.186 4.00 1.88300  40.8 30.00
14 25 ~59.58 65 45 ~79.447 0.40 31.69
15 27 91.14 46 123.454 5.91 1.51742 52.4 31.91
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-continued -continued
47 ~40.390 15.00 31.84 Zoom lens unit data
48 oe 33.00 1.60659 464 60.00
Front
49 = 13.20  1.51633  64.2 60.00 3 Lens  principal
50 e 9.98 60.00 First Focal structure point Rear principal
Image plane - Unit surface length length position  point position
| 1 1 248.%81 122.07 74.99 -14.54
Various data 2 13 ~25.22 25.02 5.10 ~13.60
Zoom ratio 100.00 10 3 20 268.45 17.36 14.10 2.32
4 24 04 .47 38.28 7.00 -19.1%
Focal length 8.90 84.40 280,00 801.00 : 31 43.17 L77.21 67.98 L1.30
F-number 1.85 1.85 1.85 4.50 Single lens data
Half angle of 31.72 3.73 1.13 0.39
view 15 Leading Focal
Image height 5.50 5.50 5.50 5.50 Lens surface length
Entire lens 684.45 684.45  684.45 684.45 : 0 _434.99
length 2 3 789,24
d12 2.63 153.54 180.90 192.28 3 d 877.39
4 7 740.64
20
d19 269.77 108.90 56.95 4.80 5 ‘ 2801
d23 19.12 1.72 2.06 9.31 4 1 214 33
ad30 3.00 30.37 54.62 88.14 7 13 —50.5%
Entrance pupil 131.20 101146  2579.58 R438.66 8 15 —86.58
osition 9 17 -40.49
poSTLEL 10 18 52.37
Exit pupil 129.62 129.62  129.62 129.62 25 1 0 171 60
position 12 22 -503.87
Front principal 140.76 115540  3514.87  14602.36 13 24 143.68
. L 14 26 -153.67
point position 15 27 153 42
Rear principal 1.08 -74.42 -270.02 -791.02 16 ple 734 .68
point position 30 17 32 —46.07
18 33 66.61
19 35 —-26.24
Imaging magnification of each lens unit 20 36 41.51
21 38 221.93
22 40 -43 .82
11 0.00 0.00 0.00 0.00
35 23 41 55.07
32 -0.13 —0.50 -1.09 -2.16 94 43 46 1%
33 —4.68 2.86 2.05 1.72 23 44 -43.02
34 0.06 0.23 —0.49 _0.84 26 46 59.28
27 4% 0.00
35 1.03 1.03 1.03 1.03 5% 40 0.00
TABLE 1

Conditional expression corresponding values in Numerical Embodiments 1 to 6

Embodiment
1 2 3 4 5 6
fw 9.00 9.20 8.90 8.60 6.75 8.90
ft 900.00 920.00 1,068.00 860.00 175.50 801.00
Zoom 100.00 100.00 120.00 100.00 26.00 90.00
magnification
m?2 167.25 182.05 178.44 171.96 95.02 176.10
m?3 -14.59 -39.12 -33.24 -33.70 -17.17  =-30.48
34w 76.52 68.72 71.14 75.00 46.99 74.78
{34z 66.13 64.37 66.06 66.96 47.01 71.10
2wt 19.86 18.14 25.83 15.88 9.72 17.24
P34wt 5.04 5.51 4.65 6.30 2.67 5.22
fl 268.44 264.54 255.48 250.00 103.59 248.81
2 -24.98 -27.26 —-24.37 -26.50 -29.96  -25.22
{3 115.10 74.67 91.75 63.00 65.68 268.45
4 121.89 349 .98 182.76  -=200.00 126.75 94.47
Conditional expression
(1) P34 -0.83 -0.92 -0.91 -0.91 -0.66 -0.95
(2) Im2/m3| 11.47 4.65 5.37 5.10 5.53 5.78
(3) 134w/134z 1.16 1.04 1.08 1.12 1.00 1.05
(4) [Ift/f1] 3.35 3.48 4.18 3.44 1.69 3.22
(5) [If1/12] 10.75 9.70 10.48 9.43 3.46 9.87
(6) Ip2wt/p34wt] 3.94 3.29 5.56 2.52 3.63 3.30
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TABLE 1-continued

30

Conditional expression corresponding values in Numerical Embodiments 1 to 6

Embodiment
1 2 3 4 5 6
(7) 113/14] 0.94 0.21 0.50 0.32 0.52 2.84
(8) IA10/fw] 2.28E-02 344E-03 2.70E-03 148E-01 2.01E-02 —
(9) |IA9/tTw] 1.43E-02 1.86E-03 1.88E-03 R8.56E-02 1.23E-02 —
(10) |A7/fw| 4.56E-03 337E-04 7.75E-04 242E-02 3.73E-02 —

“E-7” means “x 107",

What 1s claimed 1s:
1. A zoom lens, comprising, 1n order {rom an object side to
an 1mage side:

a first lens unit having a positive refractive power which
does not move for zooming;

a second lens unit having a negative refractive power which
moves during zooming;

a third lens unit having a positive refractive power which
moves during zooming;

a fourth lens umit which moves during zooming; and

a fifth lens unit having a positive refractive power which
does not move for zooming,

wherein the second lens unit passes through a point at
which, an imaging magnification of the second lens unit
becomes —1 during zooming from a wide-angle end to a
telephoto end, and the following expressions are satis-

fied:

~1<Pp34<-0.3, and

4.0<Im2/m3 <15,

where (334 represents an 1maging magnification of a com-
bined lens unit including the third lens unit and the fourth lens
unit at a zoom position 1z at which the imaging magnification
of the second lens unit becomes —1, and m2 and m3 respec-
tively represent displacements of the second lens unit and the
third lens unit on an optical axis at the room position 1z with
reference to the wide-angle end.

2. A zoom lens according to claim 1, wherein the third lens
unit passes through a point at which an 1imaging magnification
of the third lens unit becomes —1 during the zooming from the
wide-angle end to the telephoto end.

3. A zoom lens according to claim 1, wherein the fourth
lens unit passes through a point at which an imaging magni-
fication of the fourth lens unit becomes —1 during the zoom-
ing from the wide-angle end to the telephoto end.

4. A zoom lens according to claim 1, wherein the following,
expression 1s satisfied:

0.95<34w/f34z<1.50,

where 134w represents a combined focal length of the third
lens unit and the fourth lens unit at the wide-angle end, and
134z represents a focal length of the combined lens unit
including the third lens unit and the fourth lens unit at the
zoom position 1z.

5. A zoom lens according to claim 1, wherein the following
expressions are satisfied:

1.5<|fi/f11<5.0, and

3.0<|f1/f21<15.0,

15
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where 11 represents a focal length of the first lens unit, 12
represents a focal length of the second lens unit, and it rep-
resents a focal length at the telephoto end.

6. A zoom lens according to claim 1, wherein the following
expression 1s satisiied:

20.0<R2wi/B34wr<7.0,

where 2 wt represents a ratio of lateral magnification of the
second lens unit between the wide-angle end and the tele-
photo end, and 334 wt represents a ratio of lateral magnifica-
tion of the combined lens unit including the third lens unit and
the fourth lens unit between the wide-angle end and the tele-
photo end.
7. A zoom lens according to claim 1, wherein:
the fourth lens unit has at least one surface formed an
aspherical surface;
when the aspherical surface of the fourth lens unit is
applied to a surface having a positive refractive power,
the surface has such a shape that the positive refractive
power 1s smaller toward a periphery from an intersection
of the optical axis and the aspherical surtace;
when the aspherical surface of the fourth lens unit 1s
applied to a surface having a negative refractive power,
the surface has such a shape that the negative refractive
power 1s larger toward the periphery from the intersec-
tion of the optical axis and the aspherical surface; and
the following expression 1s satisiied:

0.1<|f3//41<1.0,

where 13 represents a focal length of the third lens unit, and 14
represents a focal length of the fourth lens unait.

8. A 20 cm lens according to claim 1, wherein the following
expressions are satisfied:

1.5x1072<|A10/fw|<2.0x107L,
5.0x10™<A9/fw|<1.0x107%, and

5.0x10><|A7/fw| <3.0x1072,

where Al0, A9, and A7 respectively represent aspheric
amounts at 100%, 90%, and 70% of an ettective diameter of
an aspherical surface of the fourth lens unit, and fw represents
a focal length at the wide-angle end.

9. A zoom lens according to claim 1, wherein the fourth
lens unit has a positive refractive power and includes at least
one positive lens and at least one negative lens.

10. An 1mage pickup apparatus, comprising:

the zoom lens according to claim 1; and

a solid-state image pickup element for receiving light of an

image formed by the zoom lens.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

